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geG:y 117 TROMBE WALL vs DIRECT GAIN: .-.riraLs,
A OOMPARATIVE ANALYSIS OF PASSIVE HEATING SYSTEMS*
william O. Wray and J. Douglas Balcanb
ios Alamos Scientific Labaratory
P.0. Box 1663
1os Alamcs, NM 87545
m trTn nere.
Ontil recmitly only the thermal storage wall : 1 1 model, which is currently under develogmant, is
mlw solaz heating system had been character~ ! very detailed and, therefore, suitable for
thermal network calculators using hour- | ! studying second order effects, which azise due to

by-tm: historical weather data. The greater
pﬁh:ity and market acceptability of direct
has led to a lively, but inconclu-

! internal distribution of energy and variations in
i geomatry and configuration.

of the twe caifiguraticns. The recent develop- were celected as sites for the comparative par-a-
nent and validation of PASOLE/SUNSPOT, & thermal : . metric evaluation of direct gain and “rorbe wall
| network code for direct gain enclosures, has - buildings because they represent envizonmental
;i provided the tool necessacy for a quantitative \ extremes, which, therefore, yield an zppreciazion
oonpar ison. H of the effect of climate on appropriate passive
! | solar design procedures. Albuquerque has a mod-
The results of performance analysis calculations - erately high heating load, 4253 annual degree
far both Trombe wall and direct gain systems {n ' days, and is biessed with enough solar radiation,
Albuquerque, New Mexioco, and Madison, Wisconsin, . 680 000 Btu/ft< annually, to meet most space
are mfuf.od in this paper. The comparative o heatlng requirements fairly easily. This {2 an
includes parametric variation of funda- ideal climate for passive solar applications.
unm derign parameters including building load, Madison, on the other hand, has a ver high teat-
glazing area, total mass, mass thickness, number : ing load, 7330 annual degaee days, and receives
of glazings, night insulation value and allowable ~ only about 518,000 Biu/ft* of solar radiaticn
temparature swing. Thermal comfort :vithin the . each year. The high heating load coroined with
two generic types of buildings is considered as « low solar input makes passive solar design in
well as energy efficient performance. i 1 | Madison a chiallenging propositicn.
' 4 ' The significance of variations in solar aperture
1. INTRODUCTION area, number of glazings, resistance of night
: insulation, allowable indoor temperaticre swisg,
The thermal performancw calculations presented ' and buildina loss coefficient with respect to
i herein for thermal rtorage wall and ditect gain . thermal performance of passive solar auildings is
passive solar heating systems were performed with investigated on the busis of a series of SUNS0T
the PASOLF and SUNSPOT thermal network codes re— " and PASOLE calculations. The relationship
spectively. PASOLE was developed and validated a between performance and available thesmal atcrage
uo'.ple of years ago at los Alamos Scientific . | maws is also considered. For Trombe walls the
birx and has recently been docu- b mass wall surface area is assuned equal to the
SUNSPOT is a recant develop- Do glazing area so that the storage mass is directly
pant.d It {s a modified version of PASOLE . | proportional tn wall thickness. For Girect cain
capable of simulating the thermal perfurmance of ; bulldings an additional degree of freadom exists
direct gain buildings ai two distinct lavels of . because the storage mass surface area is variable
,deuil. avel I, on which this repoct is based, © a8 well as the thickness.
is a fairly coarse model that oonsiders only the :
| gross characteristics of dirsct gajin buildings. !
[ Nevertheless, the Level I mode) accurately repro- Thermal performance results are expressed in
) duces pasiive test cell data at Los Alamos indi- ~ terms of tie annual solar fraction, ¥inimun
uting that the dominant phygical phenomena ¢ !_indoor air tengperatures are maintainid by aux-
“oocurring in direct gain enclosures have been T Tillary heaters and ventilation cooling is
oorrectly identified and modeled. The Level II . amployed to limit the maximum air tenpetature to

v
1 "Work performed under, the auspices of the U.S. Department of Energy, R&D Branch for Heating and Cooling, |
omo- of the Assistant Secretary for Conservation and Soluér Energy.

dw dabatn concerning the relative effectiveness L Albuquerque, New ngico, and Madison, Wisconsin, '
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. "o specified level, The reference indoor tecpeca-
— ture is set at 68°F in all calculations and
jvariations, AT, of +2°F, +5°F and +1C°F
' about the reference valus are conslida-ed.
"iin all cases the indoor air terpecatire is
allowed to fluctuate within peescribed bounds.
However, the mean radiant temperature, which is
determined by the temperatures of all gurfaces
bounding the living space, ls constrained cnl{ by
the characteristics of a specific passive design
‘anl the local weather. The thermal comfort of
building occupants depends on both tha mean
‘radiant and the air temperatures in a manner
‘which will be explained in a later section.
.Passive solar heated buildings, therefocre, have
jdifferent comfort characteristics even thoush the
‘alr temperature variations within the struccure
"~ may be carefully bounded. In an effcct to reveal
‘qenm:al thermal comfort characteristics of dif-
ferent pagsive solar designs, monthly air, —ass
‘surface and mean radiant temperature histog=ams
'were calculated during the thermal network simr-
.lationas. Appropriate weighting of the air and
mean radiant temperatures yields a single thermal
index, which can be directly related to occupant
comfart, thereby facilitating comparative
‘analysis.

_The economic consequences of the thermal

per farmance characteriatics of pagsive eolar
heating designs considered in this paper have
been evaluated by Scott Noll of Group S-2 at Los
Alamcs Sclientific Laboratory ad are rﬁpo:ted in
‘a separate paper in these proceedincs.

!

! i

‘2. DIRECT GATN PERFORMANCE o

Thus,

. Since the performance characteristics of thermal
storage walls have been reported extensively in
the literature, some slmulation results for

direct gain buildings in Albugquerque are included
here before proceeding to a corparative analysis
of the two generic types of passive solar
‘buildings. {

‘2.1, Effect of Design Option Cambinations s

|

'The percent solar ylelded by various - ambinations
‘of dosign opticne for direct gain buiidings in

. Albuquerqua i3 presented in Fig. 1. In each
icagse, the thermal etorage mass consists of a 6
iin. thick layer of high density conczete (150
{1b/€t3) with a surface area equal to three

‘times the 'glazing area. Thus, the total thermal
‘storage mass, M/Aq, ls 225 los per sQuare foot
of glazing. Additicnally, the glazing area to
building load ratio, A5/L, i3 1.0

"fré/ (Btu/tuCF) for each case represented in

rig. 1. The varliable design options are the jium
bar of glazi.ys, NGL, the resistance of movable
nighiv Inm2lztlisn, R, and the allowable indoor
terperature swing, AT, about the 68°FT reference
valuye. ‘

‘One of the roce striking fearuias of the bar
graph in Flg. 1 is the lack of signiZicant per-
formance variations among confiqurations No. 4
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"rig. 1. The affect of design option combinations
‘ on direct gain performance in
Albuquerque.
through No. 7. All four cases have a temperaure

-R9 hag little sffect.

swing of +5°F. The performance appsacrs to be

doninated by the fact that sach of these confizu—
rations has night insulation with a resistance of
at least RS5. Increasing the night insulation to
Also, the effect of vasy-

- ing the number of glazings from one to three i3

largely masked by the presence of night insyla—
tion. A comparison of configuratins Xo. 1 a~d
No. 3 shows that, in the absence ot night ins_la-
tion, the number of glazings has a significan:

. effect on performance. The allowable indoor sam-
. perature ewing has a large effect on performance,

even with night insuleiion, as indicated by a

! oxmparison of configurations No. 2, No. 6, anc
' Nc, 10 for which AT is +2OF, +3OF and +10°F

respectively.

The effect of varying the glazing area to
building load ratio is depicted in Pig. 2, where
the behavior of four separate cdesign cotion com=

. binations is included. Cutting the glazing a-ea

in helf (or doubling the thermal load) such t-at
is decreased from 1.0 to 0.5 causes a 20

25 per cent reduction in solar fraction. The

rate at which solar fraction increagses with tw

. area/load ratio diminishes rapidly at high so’ar

-3

fractions.

Comparison of Direct Gain and Trorbe Wall
Performance in Albuc.erque, New Maxlco.

For the comparisons presented in this section,

. proportional to thickneas of t

the nunber of glazings is fixed at 2, the te—per-
ature 5w1ng at +5°F and the area/load ratio az
1.0 £t4/(Btu/hr®F) . The performence of
Trombe wall and Direct Gain bulldings having no
night insulation is plotted as a function of
thermal storage mass per unit glazing area,
M/Aq, in Fig. 3. The thermal storaje ~ass is
high density (150 lbs/ft”) concrete. Inc the
Trombe wall case, the mas3 surface area is ec.ial
to the glazing area so that Wﬁg 1s dlrectly
wall. 1In di-ect
gain bulldings the mass surface area i{s variazle,

. providing an additional degree of freedom. We

> = —— e e — ]
v - . l
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i ave chosen to present tha direct gain results in
, the form of three curves, eac” rexesanting a
'different mass thickress, for which the mass per
iunit glaxing ares 17 then directly proporticnal
i t0 mees surface ared. The thicknesses selected
lnolln., 6§ in. axd 8 in., and in each cage the
surfade area is veried from twice the glazing
| area to five

times the glazing area.
I

- N vl 1 1 L.
“ B 04 & - & 5 u
ARZA/LOAD RATIO (fg 7 Brw- W -"F)

Dependence of direct gain performance on
the area/load ratio.

' Inspection of Fig. 3 reveals a perfarmance maxi-
mm for Trombe walls at W/ 175
lbs/ftg, which corresponds a thickness of
141 8. For direct gain buildings perfocmance
maxima 40 not appear. Regardless of the mass
thickness selected, the solar fraction continues
to increase as the mass surface area is extended

‘up to five times the glazing araa. It is appar-
ent from the curves in Fig., 3 that the best way

‘to distribute a given anount of thermal stocage
cass in a direct gain building is in a thin layer

' (down to a minimum of 4 in.) having the largest

1 possible surface area. When compared with a

! Trombe wall, the 4 in. direct gain system is

| capble of echieving higher solar fractions foc

| ther stotage masses greater than 190

1 1ba/ft4. For misses less than 150 lbs/ftd

' the wall is a2 superior parformer. "Thus,

| Tronbe wvalls wp to 15 in. thick yleld high~r

, solar fractions than Jirect gain buildings

, employlng corparable amounts of thermal stocage

; mass in a 4 in. thick layer.

{In Pig. 4 we show the effect of adding RS night

| insulation to the same passive solar designs

'represented in Fig. 3. Energy efficient perform-
ance is uniformly improved, and there is little

ror no change in the relative advantages nf Trombe

i\-u and direct gain buildings.

1

—

o

TEMPERATURE SWiNG: AT eS8 F !
AREA/LOAD RATIO! Ag/L = 10 113 /80y N F
NUMBER OF GLAZINGS: NoLe2®

80 1 ] 1 A 1

o 00 200 300 400 800
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i‘ig. 3. Effect of thermal storage mass on
passive solar building performance in
Albuquerque without night insulation.

600

! TEMPERATURE SWING: AT #8°F T
! AREA/LGAD RATIO: Ag/Le 1ONY /BN oF
! NUMBER OF GLAZINGS: NOL +2

6 In DIRECY GAIN -1
4 ln. DIRECT GAIN

; 60 1 i 1 ) )
4] 100 200 300 400 500

MASS PER UNIT GLAZING AREA, M/AS(/13)

Effect Of thermal storage mass an
passive solar bullding perfammance in
Albuquerque with RS night inmlation.

600

Fig. 4.

. 4. Comparison of Direct Gain and Trambe Wall
. Performance in Madison, wisconsin. :

' Now suppose we take the pagsive solar desigrs
considered In the previous section axd move <hem
i fram Albuquerque, Nuw Mexico, to the less for-
" giving climate of Madlson, Wisconsin. The re-
- sults for buildings with no night insilation are
presented in Fig. 5. Note the marked deterliora-
. tion of direct gain performance relazive to e
Trombe wall. In the harsh Madison cilimate a
Jivect galn structure loses too much thermal
eneiy,; through the glazing aperture to remain
titivy vith a Trorbe wall in the absence of
night fnsylatiou. ' wever, as illustrated in
Fig. 6, when RS night insulation is added to oth
generic types, we obtain roughly the same rela~
tive performance previously ocbeerved in
tlb_'qm:qm.
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s imim rens ot amiord @mi e me s . | l the Trombe wall with a window., This s-proach has
"'-'“";' damTrdent e tLome e © 1! supsrior comfort and perfor—ance character! ;tics —
- J L ola i L . to the use of a pure direct jain or Trambe wall
mm.mpiﬂ_ .7_3:;,..-..7 _ se~: gcoach. It is bettar tha: the puze Trombe wall
i NUMBEIR OF GLAZINGE': NGLs2 " " "because energy-losing vindows would then ha™e to
— & 4 055 5'be located in the nan—south walls. It is better
| TAOMSE WALL i‘umap.lzodirectqainbull.dinqmuuum-.
] *. I ing of energy delivery is mcre unifomm, these is
| ' ! 1 ! much less of a suddan drop {n mean radiant zem-
i E-‘ﬂ" / 1 i | perature at nightfall, and the large tempecature
' ' 1 ) swing associated with a large—area direct gain
@ anp"w C l building is avoided.
8 i, DIRECT AN T
20— .
T | Simulatons of nixed systems will be made in the
Sl JIRECT GAIN | l future to explore their performance and comfaxt
- | characteristics in detall.
. y 1 1 —L L L
—_—t (") 00 200 300 400 300 2 €0 —_—
MASS PER UNIT GLAZING AREA, M/ig (ib/1tg) : l 6. Thermal ort in Passive Solar Heated
| ||
: Mg. 5. Effect of thermal storage mags an Pl
| passive solar building performance in v 6.1. Thecretical Considerations
Madison without night insulation. ; ; i
' i | Most buildings of conventiaral construction are
| - ] | light weight and have limiteZ glazing areas. As
i AT oY T T . a general rule the thermal es~vironment in such
§ L!:Apsmuﬁjforjmlgm'njaw»v ' ! buildings is very nearly uniform. Ia this cn-
MUMBER OF GLAZINGS INGL»2 | , text the term "unifor—" refers to an envirorrent
| - eok . i . in which the air and aean raciant terperature are
! 6 in. DIRECT GAN . equal., In passive solar heated buillings t-e
' ' - presence of massive thermal storage elements
1 and/or large glazed a-eas, wnich carrmicate
" 'éso- - directly with the living space produces thermal
} SIORECTGAN | . environmants which ars characteristizally ncn-
U 4 + ' yniform. The thermal storage mass s.rfaces Zar-
& TROMBE WALL i ; ! ing the living space =ay be either warmer or
} 40 { | colder than the room air, deoending cn whet'wer
‘ | | current space heating requir=ments a-e beinc met
! | * - by heat traansfer fra= the stcrage ma3s or from
' 0 | ] L L 1 the auxiliary heater. Since ‘he mean radia~:
! -0 100 0 300 400 soo, 600 temperature {s affected by radiatior exchances
i : MASS PER UNIT GLAZING AREA,M/A,(ib/tig) © " with all sucfaces bormding a- enclos.re, :he
| Plg. 6. Effect of thermal storage mass on . i presence of thermal szorage —ass with surface
l passive solar building performance in . temperatures differen:= fram the alr temperac.re
! Madison with RS night insulation. "1 | induces thermal ron-umiformi=zy. Larce glazed
g | areas, which communicate dirsctly wizh the living
: space, as in direct gain buiZlings, —an affect
| 5. Mixed Systems. l the mean radiant tempmrature in two ways. First,
! during daylight hours sunlight trans-itted
t Almost all buildings must have windows, for . i through the glazinj can directly incduce sicrif]-
| reagons of aesthetics, natural daylighting, and ~ ! cant increases in the oean radiant temperati-e.
| to sarve a3 emergency exits. Typical window . , Secondly, at night glazed ersas not coverad with
' areag ara in the rangc of 10% to 20% of tha |} movable ingulation became much coldes than the
"building floor area. Ten percent is a normal ' . room air ard tend to force to2 meah tediant
‘rainimum epecified by code, and architects fre— : ‘ termorature downward, i
| quently employ 20% or even more. Thus it i3 ‘
} appropriate to use these windcws as direct gain © - The problem of assnss!ing theroal comfort in oth
| 0lar collecticn elements as much as possible, uniform and ncii=wriform envizorments hag been
' locating them on the south side of the building. . extenslvely researchec by P. O, Fancar. On he
| .+ | basis of Fanger's work, {t is possible to de-ive
. An effective Gusign strategy i to mix direct . an expression for the "equivalent uniform te/wr-
‘galn and Tromrbe wall in the same building. A _ature,” Ta,, which is definec as “"the unifor=
* . normal procedure in a8 old climate (s to slze the temperature of an imacinary enclosufas in whizh a
window area based on the mon-sdlar consideratians person will experience the sae degrze of thermal
penticied above but locate them on the south side comfory as in the actial non-:niform envirom—
yand In clerestorias as much as posslble, Addi- ‘ ment.”® The detalls cf the darivation are

j tional solar galn is then added using 'rrombe . prosented in Reference 6, whizh is currently
, walls between the south windows or by plercing .+ under review for publization as a Loa Alaros
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. "Bcientific Laboratory Repact. Thae relationship k

“ 'betyeen the equivalent uniform temperature, the
jair Lsxperature, T, and the mesn radiant tem-
pecature, Tp., has the following functicnal -
farm;

a2
-

Tgu * £ Ty + (1~€) Ty #)

£ =£(ACHV

whare A 1s the activity level (metabolic rats), C .
is the clothing insulation valus, H is the rela-
tive humidity, and V is the relative wincd
velocity. Thus, the relative importance of air
and mean radiant temperature depands on a set of
environmantal and physiological pacameters. It
—_!is demconstrated in Reference 6 that for extrems,
jbut still realistic combinations of these param-
‘eters, the function f can vary from 0.48 to
0.68. On the basis of asaumptions concarning
'oonditions likely to exist in a passive solar
jheated dwlling, the following expression for the
‘equivalent uniform temperature is cbtained.

Toy * 0.55 Ty + 0.45 Ty (2

‘Bq 2 represents a subject dressed in medium-
welight clothing and performing light activity in
an environmeant with a relative humidity of 50%
‘and low relative wind velocities dominated by
itm convection processes. .

|
!

‘The concept of an equivalent unifarm temperature
,h quite useful because it enables one to assess
thermal comfort levels in non-uniform envirun-
ments in terms of a single thermal index, which
can be directly related to subjective personal
,experience. Unlike the "operative temperature®
'‘defined in the ASHRAE handbook,’ the equivalent
‘uniform temperature is explicitly related

hurnan thermal comfort and includes the effect of
,all latent heat loss phenomena an which that .
‘axefort dapends. ‘

t

6.2, %ulvalent Uniform Temperatures in Pasgive
i lar Heated Bulldings.

'In this section wa present monthly histograms of
the equivalent uniform temperature in two passive
‘solar heated buildings located in Madison,
Wisconsin., The histograms were calculated by
'PASOLE and SUNSFCT, the thermal network simula-
jtien codes. Double glazing with RS night insula-
jtion is employed in both designs considered in
jthis mection, and the area/load ratio is hald
;oonstant at 1.0 ftg/(Btu/hrF). The |
laucwablo air I:lvéi/'atura swing is from 63°F to
{73°2. The Tcambe wall design employs a 16 in.
jthick wall of high density concrete yizlding 200
-1bs of thermal storage mass per square foot of
‘qlazing. The direct gain eyatem hag 6 inches of
-ooncrate with a surface area equal to three times
‘the glazing area, which ylelds 225 lbs/fg.

Both onfigurations obtain an annual solal frac-
!um of S0V in Madison. Bquivalent wiiform tem-
‘perature histograms for the Trombe wall and
.direct gain buildings during the month of January
rare presented in Figs. 7 and 8 respectively.

At i e

37 TAGE

CeriTZRED ACFOSS 2

'l had a solar fraction of 35% for

low solar fraction results frnm N

heating losd in January. Since 65t of
is mat by the auxiliary heatar,

trolled by a thearmostat set at

: tamperature is held at &63°F

‘ the time. The mean radiant tecperatic—e

‘ below the air temperature far erocugh to

; an equivalent uniform terperature which is

! 60°F7 and 620F cver half the ti-ms.

Tha Trombe wall building never falls any lowes

;

2555¢!
¥ gigag
i

§op

g
i

H

: . than the F0OF level. However, the direct gain
i bullding has a Ty, which spends 10% of the
) ' time at the minimum level of 58°P to 60CF.
i Both bulldings reach a maximum T,,, interval of
"74°F tno 76°P, although the time fractions at
| this level are quite emall, | -
0.7 T T T T T T T
: SYSTEM: TROMYE Wall
0.6}~ MONTH: JANUARY n
PER CENT SOLAR: 33%
[ %4 -
: o4l J
!
; [VE.3 N -]
e -
i
o] 1
oL 0 b =
88 68 60 62 64 65 €8 70 7T: T4 5 T8
EQUIVALENT UNIFORM TEMPERATURE (°F
'Fig. 7. Bguivalent uniform temperature histogram

frr Trambe wall {n January.

: T T T T T o o
SYSTEM: DIRECT GXIN
‘ osi MONTH: JANUARY ‘

PER CENT SOLAR: 23%

TWE FRACTION
o o o
N & o
I 1 4
| I

) o2 -
]
.‘ ot
L B
(V) 1 1 | . |
B8 B8 ¢0 62 64 6 68 70 T2 74 T3 T8

i _ EQUIVALENT UNIFORM TEMPERATURE (*F) -

'Fig. B. Bjulvalent uniform temperature histogram
‘ for direct gain building in January.

In October the equivalent uniform temperature
histograms have quite a different character 23
shown in Figs. 9 and 10. The largest time f-ac-
tion is again in the 60°P to 62°F for both

; bulldings due to the combined effect of the air

‘ tenperature being thermostatically hald to a
minimum of 63°F and the thermal atorage mass

, being oooler than the air when auxillary heat ig _.
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'tequired. Tim effect of employing wentilation  ° - /As the above cbservations indicats, the problem
aoling wherever the air temperature gets wp to . -of assessing confort levels in passive solar ST
‘73°P is evident in that both bulldings have the . heatsd buildings can be quite camplex. Each par-

.naxt largest Ty, time fraction in the 72°F to . ;- .. 5 ticular building dasign in a given location will
!74°P range. Dua to radliation fram the inner exhibit diurnal fluctuations in tha equivalent

_— - -

'wall surface, the Trorbe wall building reaches a -7 % Juniform tamperature, which are charactecistic of
{maximm interval of 74°F to 76°%¢. Due | |that particular structure’s response to the local
W the ined effect of radiation from the i - climate. Pach month there is a significant
thermal storage mass ar 1 direct irradiation by . ,changa in the charactesr of the diurnal fluctua- ;
ythe solar source, tha direct gain tuilding + + tions as the stiucture responds to seasonal :
‘reaches a maximum Tg,, interval of 76°F to ' 'variations in heating load, total insolation and
|789F. The monthly solar fractions in October . .molar declination. Using thermal network codes,
;ware 738 far the Tromb~ wall and 72% for the ‘' .one can easily gensrate roce data on thermal come
ld.l.nctgainmudmg. Increases in monthly solar fort indices than he has time to interpret. It
fractiong are alway= accompanied by Te, histo- . 11 Gesirable to Jefine an overall thermal quality
?gr-,whtmshlfttmmlwuﬂoiuunmh " index, which could serve as a basis for rating
:near the minimm air tesperature toward the high the comfort characteristics of different types of _ __
lmd near the maximun alr temperature. The mean - ° passive solar buildings on a carnparative basis.
radisnt temperature range is usually much larger "Future work i thermal comfort at LASL will con-

than the air temperature range which leads to ; ;. ‘sider appropriate dafinitions for such an index.
‘Tqy histograms, which extend beyond the air b ,

!tnnptaturu boundar ies at both ends. Trambe :

iwalls alwvays yield smaller Tg, swings than :
direct gain buildings, which generate comparable - 7. OCONCIUSIONS

'‘molar fractions.
: Tracbe wall and direct gain buildings each have
certain advantages with respect to emergy effi-
clent performance. As a general rule, Trumbe
o7 ’ ' walls are able to schieve higher solar f-actions
: L L DR D A B LI on a limited amount of thermal storage mass. For
osl. SYSTEM! TROMBE WALL thermal storage masses up to about 175 lbs per
%OCSRBAE; 1% _} square foot of glazing Trambe walls consistently
l=osl ) _ out perform direct gain buildings. However, if
; 1 one is allowed to include more than about 175
5 osle o flba/fta of thermal storage mass, the direct
{ ‘ ' i gain biilding begins to surpass the Tramhe wall.
a3l ' * -] | | . This transition oocurs because a Trorbe wall
§ ' | | jreaches a performance k between 150
o:l- - lba/ftd and 200 lbs/ft§ (cr 12 in. to
= O . 16 in."af 150 lb/ft3 high denaity concrete)
ot ‘ - while performance of the direct gain building
) continues to rise as the surface area of the
° [N (N N W N R T N ) thermal storage mass is increased with the thick-
g8 88 80 €2 64 66 66 TO 72 T4 T8 78 ness held constant. Mixed systema offer poten-
i EQUIVALENT UNIFOR TEMPERATURE (*F) tial advantages over either pure direct gain or

i :- 1 i Trombe wall approaches. i
Plg. 9. Bguivalent uniform temperature o .

histogram for Trombe waul in October. . 'with respect to thermal cumfart, the Trombe wall

i | |appeara to be superioc to direct gain buildings

or —r———TrTr—rTr—T—TrT ' . yleldling comparahle solar fractions. Although
- ' | both types of structures undergo equivalent uni-

o.s- avdsgigﬂk:rooé?ggléglln 4 ! }fc:m temperat're swings, which exceed the thermo-
- )
!

PEA CENT SOLAR: 72% tatically imposed air temperature boundaries at

ask - the upper and lowar limits, the Tg, range in
Trambe wall systems ism consistently smaller than
04} . in direct gain buildings.
o.aL 7
g a2k 1 ! mm
ol J . The authors would like to express thelr appreia-
1 s ) " tlon to Mark Beckett of Group Q-1l1 at Lo@ Alanos,
! L —L who parformed the matrix of thermal network

®a6 29 60 62 &4 68 68 70 72 74 76 718
EQUIVALENT UNIFORA TEMPERATURE (°F)

r'g. 10. Bzgivalert wifors tesparature ! ‘
histogram for direct gain building in

calculations on which this paper {s based.

October. | l
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